The lowland soils in Rio Grande do Sul occupy an area of approximately 5.4 million hectares of the state. They are flat to mildly hilly topography soils, developed, under varied conditions of drainage deficiency (hydromorphism). In this ecosystem, the extensive productive livestock system and irrigated rice were developed, used successfully for many decades. However, its characteristics and peculiarities have contributed to the cost of production, disseminate weed seeds in the crops and degrade the physical state of the lowland soils, due to this, the interest arose for the use of new alternatives that were, at the same time, efficient in the control of red rice, economically viable and able to maintain or even recover soil quality. The search for practices capable of increasing the productivity of irrigated rice and, especially, its sustainability over time has been the focus of several studies, so the objective of this review was to present aspects related to crop diversification and conservation management of lowland soils, mainly in relation to rotation and succession practices.
Problems Associated With the Predominant Productive System in Lowland Soils
Lowland soils naturally present physical limitations that hinder the diversification of crops in these areas, which contributes to the predominance of the successive cultivation of irrigated rice in the same area over the years. Rice coexists well with oxygen deficiency and low soil redox potential induced by flooding, but these characteristics negatively affect many aspects of plant physiology, such as carbon assimilation, macronutrient absortion, and suppression of respiratory metabolism of other species' roots (Bailey-Serres & Colmer, 2014) .
The microbial flora of soils with excess of water can also be altered, becoming progressively anaerobic. In these soils, the accumulation of CO 2 , ethylene, methane, several other compounds and ions resulting from the plant's own microbial anaerobic metabolism, such as ethanol, lactate, organic acids, Fe 2+ , Mn 2+ , and S 2-, which can harm the development of plants. As a consequence of the reduction of the oxygen level there is the stomatal closure, damage to photosystem II and the decrease in photosynthesis (Mittler, 2002; Ramesh, 2009; Van Dongen et al., 2011) .
On the other hand, a situation that is averse to water excess, consists of lack of water or water deficiency that present floodplain areas, mainly due to the low concentration of organic matter and the low water retention capacity during periods of water restriction (Meurer, 2017) . From these findings, it is clear that the peculiar characteristics of this growing environment hinders the diversification of species and has contributed to the cost of production, which contributed to the consolidation of rice monoculture.
The increasing use of lowland soils with rice crop in the conventional system, associated to monoculture, has increased the pressure of weeds in the areas used with the crop. The pressure is evidenced in quantitative and qualitative terms, since species such as joint-vetch (Aeschynomene sp.) and cyperaceae (Cyperus sp.), which were recently considered weeds of secondary importance, mainly in relation to red rice and barn grass (Echinochloa sp.), are now problems in certain areas of Rio Grande do Sul (Kissmann, 2007; Lamego, 2009; Massa et al., 2011) .
Alternatives to the Conventional System of Rice Crop
The current production system of irrigated rice in lowland soils in the state of Rio Grande do Sul, due to its different peculiarities and characteristics, has contributed to the cost of production, disseminating weed seeds in the crops and degrading the physical properties of these soils, with that, there is a demand for the use of new alternatives that are more efficient in controlling red rice and other resistant species, economically more viable and capable of maintaining or even recovering soil quality, so, among these alternatives, crop rotation stands out.
Rotation and Succession of Crops in Lowland Áreas
Crop rotation can be defined as the orderly alternation of different crops over a period of time, in the same crop, for defined purposes, and a plant species is not repeated in the same place with a shorter interval of two years and, if possible, three or more. The crop succession is conceptualized as the pre-established sequence of crops within the same agricultural year.
Crop rotation systems contribute to the sustainability of production systems. Among the main advantages are the reduction in weed infestation, disease control through cycle breaks and nutrient cycling due to the use of plant species with different root systems (Rego, 1994) .
In addition to the control of red rice, crop rotation contributes to increase grain yield of irrigated rice grown in succession (Montealegre & Vargas, 1989; Pauletto et al., 1991) . Reduction of the amount of red rice seeds in the soil by crop rotation was verified by Marchezan (2013) and Avila et al. (2000) , that is, the use of these crops in lowland soils cultivated with irrigated rice reduces the levels of weed infestation in rice crops, improve soil use and quality, optimize the use of machines and labor, diversify incomes, break cycles of diseases and pests and increase the profitability of the area.
The most widely used upland crops in rotation or succession with irrigated rice are maize, soybean and sorghum, as well as some cultivated pasture species. Several works have been carried out in order to make possible other crops for the lowland areas, mainly maize (Zea mays) and soybean (Glycine max). Thus, researches conducted by EmbrapaClimaTemperado in Capão do Leão, since 1986 (Gomes & Magalhães Júnior, 2004 ) have sought to identify maize cultivars that are more suited to lowland soil conditions. From 1998, these works were extended to the Campanha region. Maize is a species that has in the lowland soil several characteristics capable of restricting its growth. It is fundamental to choose the cultivar that has a vigorous stem, adequate stature, low ear insertion and resistance to lodging and to breaking.
However, rotation has shown great benefits, its use in hydromorphic soils, is still limited to few properties. Problems relating to the high sensitivity of most species cultivated to excess water in the soil, poor physical and chemical soil conditions (poor soil quality), cultural problems and, in some cases, marketing difficulties, have prevented the expansion of upland crops in lowland soils cultivated with irrigated rice (Gomes et al., 2004) .
Improvements in soil quality: Soil quality is determined through its functionalities, so a given type of soil is considered of good quality when it has the capacity, within the limits of a natural or managed ecosystem, to maintain productivity and plant and animal biodiversity, improve air and water quality and allow housing and human health. For the adoption of the rotation and succession system in the lowland area for upland crops it is necessary to evaluate this quality, which is done through a visual analysis and physical, chemical and biological attributes of the soil. In the lowland areas, the most limiting factor for the implantation of maize and soybean crops is drainage, where the electrical conductivity of these soils is generally low, and the accuracy in planing and topography correction is necessary (SOSBAI, 2010) .
Use of adapted materials:
The use of materials that are less sensitive to excess water in the soil is essential for the implantation of these upland crops in a lowland area. For, the excess of water in the soil affects the growth and development of these species, causing morphological and physiological changes, because it reduces the level of 02 and with that the diffusion rate. The extent of these damages is variable in relation to the duration of the saturation period, stage of development, species and environmental conditions (Gomes et al., 2002) , so it is necessary to use these materials more adapted to these lowland areas. In addition to the use of more adapted materials, it is possible to use efficient management for the implementation of upland crops (Vernetti & Gomes, 2009 ).
Soil drainage:
The realization of soil drainage is one of the main factors for the implementation of these rotation systems in lowland areas, for this it is necessary to carry out a previous study of the terrain, where it is evaluated the possibility of soil planing to correct the topography, systematizing the area, improving the surface runoff and thus soil drainage (Gomes et al., 2002) . As the use of the ridge method reduces soil saturation time, promoting greater aeration to the root system of crops (Silva et al., 2007) .
Soil decompression: Soil compaction occurs due to machine traffic and soil operations generate tensions forming a compacted layer on the surface, so as to limit soil physical quality (Reichart et al., 2005) . In the lowland areas, it is one of the main reasons for the inefficiency of the implantation of the upland crops in these areas, since it diminishes the root development and the infiltration of water (Pauletto et al., 2004) . Among the main measures to decompress these soils is scarification, which reduces soil density, microporosity, micro/macropores, and increases macroporosity and total porosity (Machado et al., 1996) . Marchesan et al. (2013) , when studying systems of soybean implantation in lowlands, found that the scarification provided greater root development, due to the lower resistance to penetration and lower density.
Reduction of Crop Sensitivity to Excess Water in Soil
Low yields of upland crops implanted in lowland areas due to inadequate management of these crops is the main reason for the failure of this system, where the use of inadequate materials and the need to better understand the practices in these areas limit the use of crops for the succession and rotation with the irrigated rice. However, when the correct management recommendations are respected, it is possible to produce high yields, as is the case of the soybean crop. The soybean crop is highlighted in the implementation of this system, being able to tolerate water excesses, improve fertility, reduce the weed seed bank and enable a source of income to the farmer when well managed in lowland areas (Müller, 2015) .
In addition to the use of adapted materials that are obtained through the plant breeding, the correct management reduces the sensitivity of the crops to the excess of water in the soil. It is necessary to modify the physical environment of the soil and the correct management of the plants, such as knowledge of the crop to be planted, sowing time, area selection, periods critical to waterlogging and harvesting time (Vernetti & Gomes, 2009 ).
For the maize crop, in Rio Grande do Sul, it is recommended to sow between August and September, so that the flowering coincides with the longest days, as well as the sowing depth, due to the soil temperature and moisture of these areas (Cruz et al., 2006) . The critical periods in relation to waterlogging for maize are the initial stages, where only one day with saturated soil is enough to occur the plant death (Embrapa, 2013) . For the soybean crop the phenological stages V2, R2, R3 and R4 are significantly affected by waterlogging, reducing grain yield. In addition to the initial growth periods of the crop, which directly affect the establishment of the crop (Schöffel et al., 2001; Wuebker et al., 2001) . The intensity in which the episode of flooding affects the growth and development of the plants is conditioned to the time of flooding of the soil, where short occurs of one or two jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 12; days, the plant resists better to the episode of stress, when long, changes occur in the root system, such as death of the main root (Pires et al., 2002; Fante et al., 2010) .
Drainage of Lowland Soils to Receive Upland Crops, Increase the Stability of Aggregates and Reduce Crumbling
Soil preparation in lowland areas is one of the main practices performed for the implantation of upland crops in these areas, in order to correct the terrain surface (Louzada et al., 2008) . The drainage is fundamental, in this way it is advisable to carry out practices, such as: planing in order to minimize to the depressions elevations of the terrain and systematization to improve the surface runoff of the water. Thus some systems can be employed, such as planting in ridges, which improves runoff and allows irrigation by furrows, and is used for the implementation of maize, soybean and cotton crops (Elloy). As studies by Marchesan et al. (2013) that report the use of ridges provides greater accumulation of dry mass in the shoot of the soybean.
The area scarification system provides benefits in order to increase soil pore diameters and increase gaseous exchange, as well as increase soil permeability and reduce waterlogging in flat terrains (Klein et al., 2008; Dalla Rosa, 1981) .
Improvement of Soil Quality Due to Rotation
The use of the rotation system provides significant improvements to the soil, by increasing the natural fertility of the soil, by the contribution of carbon and nutrients, also diversifies the income of the farmer, being an alternative capable of increasing productive potential, reduce production costs and the risks of environmental impact (Rego, 2004) . Rotation plays an important role in controlling diseases with the breaking of cycles, allowing the cycling of nutrients through different rooting and reducing weed infestation. In the lowland areas rotation is the most efficient method to combat red rice, which is the main irrigated rice weed (Shoenfeld, 2010) . The main rotational rainfed crops are maize, soybean, sorghum and some pasture species.
Potentiality of Upland Crops in Lowland Areas (Soybean and Maize)
The high productivity achieved by the irrigated rice crop, the intense use of the lowland areas, together with the competitive market, awakens in the farmers the search for alternatives that are capable of increasing the productive potential of their areas as well as reducing the costs of production and impacts on the environment to make the system sustainable. In the conditions of RS, the possibility of more intensive and rational use of lowland soils is directly related to the implantation of a crop rotation system, associated to a permanent cover of the soil surface and to efficient drainage and irrigation.
Crop rotation is one of the factors that is linked to the sustainability of agriculture, since often only the use of modern inputs and with built-in high technology does not allow the farm to be viable, in the case of monoculture of irrigated rice. For example, the need to minimize the control of pests, diseases and weeds of rice crop irrigated with chemical products, since in addition to raising costs, there is a risk of contamination of the environment and appearance of resistance of the main diseases that affect the crop, compromising the lowland ecosystem (Faraco et al., 2016) .
The diversification and incorporation of new crops, such as soybean and maize, in these areas is an alternative to increase the efficiency of the production system (Emygdio, Rosa, & Silva, 2015) . Rotation and succession of crops stand out as one of the alternatives that are capable of increasing the productive potential of lowland areas intensively cultivated with irrigated rice. However, the difficulty of drainage and the scarcity of species tolerant to water excess conditions represent a major obstacle to adapting these diversified production systems (Menezes et al., 2001 ).
Among the alternatives presented, soybean (Glycine max) is one of the species with very interesting characteristics for this production system, being distinguished by the nitrogen supply through the biological fixation improving the fertility of these soils, as well as an alternative to increase the income of the farmer, contributing to the sustainability of the system (Schoenfeld, 2010) .
Excess water is one of the most restrictive factors in a soybean crop, either by reducing the plant stand or development. Thus, the objective is to remove all the water from the field as soon as possible, and there can be no accumulation of water at the lowest sites (Mundstock et al., 2017) . Many studies indicate that soybean is an alternative, due to the tolerance level of some genotypes (Pires et al., 2002; Schöffel et al., 2001; Van Toai et al., 2010) .
Even though soybean is an interesting species in the lowland soils production system, Marchezan (2013) states that the decision to invest in a given activity is related to its cost and benefit, thus, the growth of this crop in jas.ccsenet.org Vol. 11, No. 12; areas where were only intended for rice cultivation can be explained in part because of the prices that are practiced in this crop, and still its high productivity in these areas.
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The introduction of maize in rotation with rice aims to diversify income, thus increasing the profitability of the cultivated area and reducing the economic risks of using monoculture (Wander et al., 2010) . The same presents itself as an alternative with great potential in the diversification of crops (Pérez, 2013) , provided that some precautions are taken and some specific management characteristic of these regions and, due to the facilities they present (topography, continuity and ease of irrigation), could be a real alternative for the increase of maize production in RS, and consequently in Brazil. In addition, maize grown in this environment improves soil conditions, makes use of fallow areas and causes the disease cycle to break (Pires, 2005) . In spite of this, the feasibility of establishing the maize crop in hydromorphic soils depends on an efficient drainage system (Emygdio et al., 2015) , knowledge of the demands of the crop, such as the appropriate sowing time, efficiency of the drains, whether superficial or subsuperficial, use of more adapted cultivar, choice of area, harvest season (Vernetti & Gomes, 2009 ).
Thus, in addition to the introduction of maize in rotation with rice, it contributes to the reduction of weed infestation, it also brings other benefits such as: environmental, by reducing the use of pesticides to control weeds; economic, for providing the farmer profitability with the implantation of a summer crop instead of the land being fallow; and social, due to the reduction of risk compared to monoculture and the increase in the use of labor for the practice of summer crops in place of fallow (SOSBAI, 2014).
Benefits of Soybean Rotation for Irrigated Rice
In a conceptual way, crop rotation consists of alternating plant species over time, in the same agricultural area, in a planned sequence of cultivation of different crops, preferably with different root systems, such as grasses and legumes, in the winter or summer, where each species develops a positive residual effect on the soil and the environment or the successor crop. In this context, in many regions of the country, soybean is the main crop, and the species is chosen for commercial and economic purposes, with the purpose of generating income (Embrapa, 2017) .
In this system, the phytosanitary treatments employed would be different for each harvest, there would be a change in the active ingredients of the products used, which would make it difficult to select organisms resistant to these active principles (Vedelago et al., 2012) . In Rio Grande do Sul, lowland soils are used with irrigated rice and extensive livestock, basically. However, the adhesion of the crop rotation and succession system would allow a more intensive use of these areas, as well as modify the production system, being that in the lowland areas rotation is the most efficient method to combat red rice, which is the main irrigated rice weed (Shoenfeld, 2010).
The greater sustainability of the production systems is directly related to the system of crop rotation. One of the main advantages of this system is the reduction of weed infestation, the breakdown of disease cycles and consequently the control of these diseases in addition to the nutrient cycling due to the use of different root systems, optimization of soil use and improvement of soil quality by the increase of organic matter, optimization of the use of machines and labor, diversification of income, increase of productivity and profitability of the crop. In addition, it may result in less need to apply fertilizers, due to the use of previously applied fertilization, and for implanting the direct sowing (Nascente et al., 2014; Marchezan, 2013; Vernetti Júnior et al., 2009 ).
In the case of rotation soybean and rice, according to IRGA (2017), there are several utilities for the use of soybean in areas where they were exclusively destined for rice. First is to control weeds, especially red rice. Second, it is feasible to cultivate other crops, profitable and in rotation with the rice, and to reduce the incidence of microorganisms that cause diseases that make difficult the cultivation of rice in many areas. Marchezan (1995) and Avila et al. (2000) , found a reduction in the amount of red rice in the soil only with the adoption of crop rotation. In addition to the improvement aspects mentioned above, crop rotation with the use of soybean may contribute to the increment of yield of rice grains if grown in succession (Montealegre & Vargas, 1989; Pauletto et al., 1991) .
The option for this system of rotation with soybean brings a gain of productivity in 20 bags ha -1
. The increase in yield of rice grains cultivated in succession has also been observed in research in renowned institutes such as IRGA and EMBRAPA. However, the expansion is often limited by the unstable results in yield, with years of production falling due to excess water and others due to lack of water. jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 12; 
Crop Rotation in Lowland Areas and No-tillage System
Producing in a sustainable way requires that some measures be adopted, among them the diversification of agricultural activities aimed at economic, ecological and social development of agriculture (Filizadeh et al., 2007; Crusciol & Soratto, 2009; Castro et al., 2011) . This diversification of the plant species used in the environment allows a smaller attack of insects, pathogens, weeds and an increase in crop productivity, obtaining greater stability of the crops against the environmental changes (Yahuza, 2011).
The lowland areas, as well as the upland areas, may present a decrease in organic matter, compaction related to the type of management and surface erosion (Lisboa et al., 2012) . The high degradation of the soil reported is due to anthropic action, mainly of the adopted agricultural practices, necessitating alternatives that mitigate the compaction and the destructuring of these soils.
Crop rotation is essential in agricultural production, since the introduction of a legume species may lead to a decrease in the use of nitrogen fertilizer in the next harvest, due to the fact that the legume significantly increases the available nitrogen in the soil (Filizadeh et al., 2007; Nascente et al., 2013) .
In the case of no-tillage system in uplands, it is extremely important to add to the system a considerable amount of waste that comes from the soil cover to increase the amount of organic carbon (C), influencing the nitrogen dynamics. However, in the lowland areas the accumulation of residues has positive aspects, mainly in weed control, however, some problems occur mainly in the initial establishment of the crop by the accumulation of organic acids (Camargo et al., 2001 ).
Among a series of advantages and benefits that direct sowing brings to the crop, there is a highlight for the better control of weeds, better use of the sowing window and more adequate time, favoring water management, the best cost and benefit, better integration of agriculture/livestock, reduction of physical, chemical and biological degradation of the soil, better viability of crop rotation and sustainability of the production system. In addition to the short-term advantages, as mentioned above, after some years of use other advantages such as the improvement of the physical, chemical and biological attributes of the soil are perceived. These benefits are already well proven in highland soils, but in lowland soils, there is little information about the action of the system.
Irrigation (Irrigation by Bathing in Upland Species)
Despite the above-mentioned benefits provided to the rice production system, the introduction of upland crops in these areas generally encounters high production costs and large market oscillations as constraints. In addition, there are some environmental limitations for upland crops, mainly caused by the characteristics of these soils along with some climatic and cultivation factors (Gollo, 2016) .
In the lowland areas of Rio Grande do Sul, a remarkable peculiarity for the upland species in the summer is the low rainfall in the period from December to February. This problem, along with the high evaporative demand for the atmosphere, mean that the water requirement of these species is not met in order to have profitable productivity for the farmer. Such climatic peculiarities can be determinant for the farmer to use supplementary irrigation, causing the crops to express their full productive potential, obtaining maximum utilization of the inputs (Silva & Parfitt, 2005) .
In this sense, intermittent flood irrigation, also known as bath irrigation, may serve as a tool to minimize these problems. This method presents as advantages the low initial investment due to the fact that it uses the already installed structure in the property with the irrigation of the rice, being able to be used in both systematized and non-systematized crops. Also, this technique relies on the vast experience of rice producers with water management (Embrapa, 2007) .
In this method of irrigation, the water enters the crop intermittently until the water depth is formed which is desired by the farmer, withdrawing it immediately after the infiltration time so that the soil remains saturated for a long period. In order to perform this type of irrigation, it is recommended that the water intakes in the frames be independent, using auxiliary channels, and that the size of the frames be adequate, so as to allow irrigation in a short period of time (Bernardo et al., 2006) .
